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Description 

Holding System for Accessory Instruments, Especially in Minimally Invasive Surgery 

Technical Field 

This is a continuation in part of co-pending USSN 09/702,039, filed October 28, 2000. 

The present invention relates to a holding system for surgical accessory instruments 

as they are employed especially in minimally invasive surgery, preferably in solo surgery 

as it is called. 

Background Art 

For carrying out complex surgical operations in arthroscopy, a plurality of different 
instruments and optical equipment are required. Such instruments include so-called 
active instruments, which are actively employed by the operating surgeon for carrying out 
surgical measures, and passive or accessory instruments which have the function of 
enabling the active instruments to be used. Such accessory instruments typically include 
incision flushing devices, optical devices, and the like. 

In clinical use the optical equipment and the accessory instruments are usually held by an 
assistant and manipulated upon the operating surgeon's request. In order to facilitate or 
replace the assistant's rather static work, holding arms and support devices for holding the 
primary surgical instruments during the surgical procedures have been employed in practice 
and are known from the prior art. The surgical instrument holding devices of the prior art are 
rather complex and are rather difficult to sterilize prior to use. The holding devices are 
frequently covered by sterile films during use which further complicates the ability of the 
surgeon to manipulate them during the surgery. 

It would be desirable to provide a relatively uncomplicated and easily sterilized 
arthroscopic instrument holding device which is sturdy in construction, and can be easily 
used by the surgeon during the arthroscopy procedure. 

Disclosure of the Invention 
This invention relates to a generic instrument holding system which can be easily sterilized, 
is easy to position, and can stably support and position the surgical trocars in a desired 
position during the arthroscopic surgery. This invention relies on the fact that internal body 
cavity walls, for example, the abdominal wall, has a certain intrinsic elasticity which permits a 

1 



minimum tension to be imparted to the body cavity wall in the direction of the plane of the 
body cavity wall without the risk of rupturing the body cavity wall. This elasticity varies with 
the age of the subject, but not with the gender of the subject. This allows the stationary 
pivot point of the instrument holding devices to be be spaced slightly apart from the 
patient's body cavity wall so that the entering point of the body cavity wall through which 
the surgical instruments are inserted is only minimally moved during the surgical procedure 
due to the instrument lever arm conditions which are established by the holding device. 
The distance between the stationary pivot point of the instrument and the entry point 
through the abdominal wall will preferably be between one and three centimeters, or less. 
At these distances the extent of movement of the tissue at the body cavity entering point 
does not exceed the extent of movement that would result in shearing of the body cavity 
wall, thereby avoiding rupture of the body cavity wall during manipulation and positioning of 
the surgical instruments within the body cavity. Thus, the spacing between the pivot axis of 
the holding instrument and the subject's body is designed to minimize shearing forces 
exerted on the subject's abdominal cavity wall, or other anatomical tissue. 

The positioning of the pivotable swivel part of the holding device away from the body 
cavity wall enables achievement of a considerably simplified design of the instrument 
holding arm in that the swivel point of the holding arm does not need to be coexistent with 
the invariable entry point into the body cavity wall, but the swivel point instead can be very 
close to or located in the area of the holding arm which engages the surgical instrument 
during use of the system. The system of this invention enables the use of plural holding 
and instrument positioning devices to be used during a surgical arthroscopy procedure and 
enables the surgeon better access to the patient than when a surgical assistant is present. 
The instrument holding system of this invention also ensures that the adjunct instruments 
used in performing the surgery will be securely held in place relative the incisions 
irrespective of the weight of the various adjunct instruments that are needed during the 
surgery. 

The invention will be more readily understood from the following detailed description of 
several embodiments thereof when taken in conjunction with the accompanying drawings, in 
which: 

Brief Description of the Drawings. 
FIG. 1 is an end view of one embodiment of an arthroscopy instrument holding assembly 
formed in accordance with this invention; 

FIG. 2 is a view similar to FIG. 1 showing the degree of possible movement of a trocar 
which is held in the holding assembly; 
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FIG. 2a is a perspective view of another embodiment of an arthroscopy instrument-holding 
device formed in accordance with this invention; 

FIG. 2b is a perspective view of yet another embodiment of a holding device formed in 
accordance with this invention; 

FIG. 3 is a fragmented perspective view of a cluster of the instrument-holding devices 
formed in accordance with this invention; 

FIG. 4 is a diagram showing the relationship between tensile load and stretching of 
individual parts of a human body; and 

FIG. 5 is a diagram which shows the relative tensile strength and tissue stretching of human 
beings in various age groups. 

Detailed Description of the Invention 
Referring now to FIGS. 1 and 2, the holding and positioning device for surgical accessory 
instruments formed in accordance with this invention comprises an arm 1 which may be 
sufficiently elastic to prevent tearing of tissue which forms an incision through which the 
surgical instruments are inserted into a patient's body. The arm 1 can be made from a coil 
spring A which has the necessary inherent elasticity, or the arm 1 can include joints B that are 
imparted with the desired elasticity by means of torsion springs C or elastomeric gaskets D. 
The support frame 2 is a U-shaped yoke having mounting bases 2a at opposite ends 
thereof. The mounting bases 2a form parallel planar surfaces 2b which are spaced a 
predetermined distance apart from each other. The mounting bases 2a are penetrated by 
bores or through holes 2c which are located substantially in the center of the respective 
mounting bases 2a and are aligned coaxially with each other. In the left-hand bore there is 
located a support and actuating journal 6 of a first retaining/fixing die 4. The actuating and 
support journal 6 projects from the outer surface of the support frame 2 and forms a link with 
one end of an actuating lever 5. The first retaining/fixing die 4 has the form of a cylindrical 
piston and includes a concave engaging surface 4b in its face that is remote from the 
support journal 6. 

At the opposite mounting base 2a on the right hand side of the yoke 2, there is a second 
retaining/Fixing die 4a which includes a cylindrical piston portion having an inner concave 
engaging surface 4b and an outer support journal 7 which is positioned in the bore 2c of the 
die 4a. The journal 7 includes a outer groove in which a retainer snap ring 8 is mounted. 
Alternatively, the journal 7 could be glued, pressed or otherwise secured in the bore 2c. A 
receiving ball 3 forms a seat for the surgical instruments and defines the pivot point or axis 
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of the holding and positioning device of this invention. The ball 3 has a central through bore 
3a which is located between the two dies 4 and 4a. The ball 3 has a radius which is smaller 
than the inner radius of the U-shaped support frame 2 so that it is held in position by the 
two opposed retaining dies 4, 4a. It will be noted from FIG. 1 that the retaining/fixing die 4 
can be axially displaced along the journal 6 by the actuating lever 5 so as to thereby vary 
the fixing force applied to the ball 3 to increase the ball-clamping force so that the frictional 
force between the ball surface and the concave faces of the dies 4, 4a so that the ball 3 will 
be prevented from rotating in the die socket. It should be noted in this context that the one 
support journal 6 which is coupled with the actuating lever 5 could be a screw which could 
be tightened and loosened by means of the actuating lever 5. Alternatively, this support 
journal 6 could be a bolt having a spring surrounding the same which biases the support 
journal 6 and the integrally formed retaining/fixing die 4 in the direction of the ball 3 with the 
actuating lever 5 acting, for instance, upon the spring for adjusting the biasing force. In FIG. 
2, the arm 1 is shown in a partially broken view seen obliquely from the front. 

The ball 3 can be rotated and swiveled within a swivel range between the two dies 4 and 
4a, wherein an instrument (not shown) which is inserted through the central ball bore 3a can 
be moved to various positions which are described by a cone C which is schematically 
represented in FIG. 2. In order to protect against body cavity wall tearing while providing a 
useful degree of instrument movement, the cone angle A may be restricted to an angle 
which is no greater than about 35°. The swivel point of the ball 3 is located on the center 
line defined by the two dies 4 and 4a, and is disposed between the two dies 4 and 4a. 
The ball bore 3a is preferably provided with two axially spaced radial grooves 3b in which 
elastomeric retaining or packing rings 3c are inserted. These packing rings 3c, by reason of 
their elasticity, exert a clamping force on an instrument, such as a trocar or the like, which is 
inserted into the central through bore 3a in the ball 3. In addition, there may be provided a 
fixing element such as a clamping screw, or the like, which is screwed into the ball and bears 
against the instrument. 

The assembly operates as follows. First, an accessory instrument, for example a trocar, to 
be employed in the surgery is inserted into the through bore 3a. The instrument is then 
introduced into the body of a patient to be treated through a body cavity wall of the patient 
by positioning the ball 3 above the instrument body cavity wall entering point, and then 
axially moving the instrument through the bore 3a an into the body cavity to an appropriate 
location, i.e., a proper distance, as noted above, away from the body cavity wall entering 
point, and then swiveling the instrument into a position within the body cavity desired by 
the surgeon. The instrument can be manually slid and rotated inside the through bore 3a 
overcoming the clamping force exerted on the instrument by the packing rings 3c, while the 
ball 3 can be rotated and swiveled between the two dies 4, 4a. When the accessory 
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instrument is properly positioned, it will be held in place by the packing rings 3c, and also 
by some additional clamping device such as a clamping screw. For finally fixing the 
accessory instrument in the desired position, the operating surgeon will manipulate the 
locking lever 5 so as to increase the force applied to the ball 3 by the clamping dies 4 and 
4a and, in so doing, to clamp the ball 3 against further movement. Clamping of the ball 3 
ensures that the established cone angle A will not accidentally exceed it's maximum of 
about 35°. In order to reorient the ball 3 and the instrument connected thereto during the 
surgical procedure, the surgeon need merely manipulate the lever 5 so as to loosen the 
clamping force on the ball 3 and then swivel the ball 3 in an appropriate manner. Once the 
ball 3 is properly repositioned, the lever 5 is manipulated to re-clamp the ball 3 in its new 
position. In use during a surgical procedure, the ball 3 will be positioned very close to, or 
even in contact with the patient's skin, adjacent to the surgical incision into the body cavity in 
question. As noted above, the arm 1 preferably can possess a certain intrinsic elasticity so 
that swiveling movement of the ball 3, and thus the instrument, which is caused by 
manipulating the arm 1 to swivel the ball 3 will not result in rupturing of the body cavity wall 
by the instrument due to the elasticity of the arm 1 . The degree of elasticity of the arm 1 can 
be related to the shear strength of the body cavity wall in question. In its simplest form, the 
arm 1 could be formed from a coil spring having a known elasticity which is determined by 
the known tensile strength of the body part, and patient age, being dealt with in the surgical 
procedure in question. 

Referring now to FIGS. 2a and 2b, there are shown alternative embodiments of 
mechanisms for holding an auxiliary arthroscopy instrument in place in a body cavity during 
arthroscopic surgery. Each of the embodiments shown in FIGS. 2a and 2b includes a U- 
shaped yoke 2 which is rotatable about an arm 1 that is operably connected to the yoke 2. 
Each of the embodiments shown in FIGS. 2a and 2b further includes an instrument support 
member 3 which is pivotable about a support rod 6, and which includes a through passage 
3a into which the auxiliary surgical instrument (not shown) is inserted. In the embodiment 
shown in FIG. 2b, the yoke 2 is further pivotable about a support rod 6a which is mounted 
in a secondary yoke 21 , and is perpendicular to the support rod 6. In each of the 
embodiments shown in FIGS. 2a and 2b, the instrument support member 3 is selectively 
movable to an operating position so that the instrument can be properly positioned in the 
patient's body cavity during the surgery. 

Referring now to Figure 3, there is shown an assembly of the above-described design 
which includes the system of FIGS. 1 and 2, for fixing an accessory surgical instrument in a 
trocar 10 that receives the adjunct surgical instrument which can be an optical, or other adjunct 
surgical instrument 1 1 . The trocar 10 comprises an elongated cylindrical receiving tube into 
which an adjunct surgical instrument 1 1 can be inserted. The adjunct surgical instruments 1 1 
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to be used are introduced by means of such trocars 10 into the body cavity of a patient 
being treated. The trocar 1 0 further has the function of keeping open an access to the body 
cavity during a change of adjunct instruments 1 1 . The trocars 1 0 are held in fixed positions 
relative to the surgical incisions by the holding and positioning devices described above. 
Once the instrument 1 1 is properly positioned in the trocar 10 and the body cavity, the 
instrument 1 1 will be clamped in place as described hereinafter. 

As noted in FIG. 3, an instrument-holding assembly 22 includes a bridge 13 having collars 
14 and 15 secured to opposite ends thereof. The collar 15 has a through bore whose 
diameter substantially corresponds to the outer diameter of the trocar 10 or is slightly larger. 
The collar 1 4 is provided with a through bore whose diameter is equal to or slightly larger 
than the outer diameter of the instrument 1 1 . Preferably the collar 1 5 is formed with a pair of 
pivoting opposed jaws 1 5a and 1 5b whereby the trocar 10 can be laterally inserted into 
the through collar bore and the jaws 1 5a and 1 5b can be moved toward each other as 
shown in FIG. 3 to clamp the trocar 1 0 in place. The two jaws 1 5a and 1 5b could also be 
connected to each other by screws (not shown). The other collar 14 having the through 
bore which is sized for receiving and guiding the instrument 1 1 is provided with a clamping 
screw 16 including an actuating lever 17, which screw 16 is laterally threaded into the collar 
14 or above the collar 14 into the bridge 13 and laterally extends into the through bore in 
the collar 14. 

The assembly shown in FIG. 3 operates as follows. First, the collar 1 5 is clamped onto the 
trocar 10 prior to introducing the trocar 10 into the body cavity of the patient. It will be 
understood that the patient is positioned to the right hand side of the assembly as shown in 
FIG. 3. The trocar 10 is then inserted into the body cavity of the patient. The instrument 1 1 
is then inserted into the trocar 10 and is slid through the trocar 10 and into the patient's body 
cavity until it reaches the degree of insertion desired by the surgeon. Then the clamping 
screw 16 is tightened down on the instrument 1 1 so that the latter is held in place in the 
trocar 10 in a manner which does not damage the instrument 1 1 . During the insertion 
operation, the positioning ball 3 will be held in place above the body cavity incision in a 
manner which has been described above. 

Referring now to FIGS. 4 and 5 there are shown diagrams or tables which show the 
relationship between tensile load and stretching of individual parts of the human body, and 
also indicate that the tensile strength of various parts of the human body are age- 
dependent, and not gender-dependent. 

The flexibility of the swivel arm 1 can be controlled in several different ways. One, as 
noted above, is to make the swivel arm from a material A which has a known flexibility which 
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is less than the tensile strength of the body tissue involved. Thus, the swivel arm will bend 
before the tensile strength of the body tissue is exceeded, thus preventing tearing of the 
body tissue. Another way to control the flexibility of the swivel arm 1 is to form the swivel 
arm 1 with joints B that can be selectively tightened or provided with torsion springs C, or 
with elastomeric O-rings D that will provide a predetermined flexibility or elasticity to the 
swivel arm 1 . This elasticity or flexibility can thus thus be pre-adjusted so that the maximum 
stretching threshold of the tissue in question will never be reached, even for subjects that 
are in the seventy year plus age range. Thus, the device will never tear body tissue which 
it encounters, no matter what the age of the subject is. 

It will be readily appreciated that the system of this invention allows a surgeon to perform 
arthroscopic surgery on a patient without the need for attendants who maneuver the adjunct 
instruments used in the surgery. It also ensures that manipulation of the surgical instruments 
will not result in rupture of body tissue which the instruments encounter during the surgical 
procedure. There are several ways to prevent tissue rupture during use of the system of 
this invention. One way is to place the swivel point of the holding device very close to the 
patient upon whom the surgery is being performed; another is to limit the pivoting cone 
angle of the holding device; and yet another is to impart a predetermined elasticity to a part 
of the holding device that is used to alter the angular position of the surgical instruments. 
Obviously, one or more of the these approaches can be used at the same time. 

Since many changes and variations of the disclosed embodiments of the invention may be 
made without departing from the inventive concept, it is not intended to limit the invention 
otherwise than as required by the appended claims. 

What is claimed is: 
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